I N T R O D U C T I O N
The ascospore of Neurospora tetrasperma is a resistant organism which can sustain itself during a long dormant period, as well as for several hours after germination, through the oxidation of endogenous substrates (Sussman, 1961) . Its protoplast is enclosed in a complex wall consisting of at least three layers (Lowry & Sussman, 1999 , with a germ pore at each end of the elliptical cell. This pore appears under the light microscope to be a perforation in the outer two major wall layers which is closed by the innermost layer. Perhaps because of the very elaborate wall and associated structures, the dormant ascospore is remarkably resistant to a variety of environmental factors including extremes of temperature (Lingappa, Y. & Sussman, 1959) and toxic chemicals. For example, these spores survive after being exposed for days to the iixatives commonly used for electron microscopy (R. J. Lowry, unpublished) . Upon the disruption of dormancy by heat, the metabolic capacity of ascospores is enhanced 20-to 30-fold (Goddard, 1939) and there is a shift from the oxidation of lipids alone to the rapid utilization of trehalose as well (Lingappa, B. T. & Sussman, 1959) . Several observations led us to believe that important changes at the ultrastructural level must accompany the dramatic shifts in metabolism. Thus, Holton (1960) showed that the endogenous content of cytochrome c in the mitochondria of dormant ascospores was much lower than that in mitochondria of germinating spores. One possibility to explain these data is that the mitochondria change in structuire during germination. Moreover, after protrusion of the germ machine and then washed in several changes of distilled water to ensure good reproducibility in germination. Activation was done by exposing dormant ascospores to 60" for 30 min., after which they were brought to 24" and incubated on a reciprocal shaker. Germination began at about 3 hr after activation under these circumstances.
Fixation and embedding. Germinating spores were fixed in 2 % (w/v) potassium permanganate at 4" for 1-2 hr. They were then washed briefly in distilled water and embedded as a concentrated suspension in 0.5 % agar. The agar containing the embedded spores, cut into suitably small pieces, was dehydrated through a graded series of acetone or ethanol solutions, passed through three changes of propylene oxide and placed in a mixture of 1/3 part Epon (Luft, 1961) +2/3 parts propylene oxide. The propylene oxide was allowed to evaporate slowly overnight, whereupon the agar blocks were transferred to pure Epon in gelatin capsules. Polymerization was done at 60". Dormant spores presented special problems because of their extreme impermeability to fixing solutions and to Epon. The procedure finally evolved was as follows. Dormant spores, suspensions in distilled water at 4", were centrifuged at 3000g and the pellet resuspended in a small volume of 2 % potassium permanganate. A drop of the suspension was placed between a pair of 2 in. square pieces of plate glass and pressure applied with parallel-jaw glass pliers until microscopic examination showed that most of the spores had been cracked. Squeezing was repeated until enough spores were broken to form a convenient sample for embedding. The cracked spores were allowed to remain in the 2 % permanganate solution at 4" for 2 hr, after which they were dehydrated and embedded by the same methods as used for germinating spores. A similar technique was described by Ekundayo (1966) except that sporangiospores of Rhizopus arrhizus were broken in fixative in a Mickle disintegrator.
Sections were cut on an LKB Ultratome with either a glass or a diamond knife, mounted upon formvar-coated copper grids and sections examined in an RCA-EMU 3G electron microscope at 50,000 V.
RESULTS
The spore wall Our previous light-microscope study of the ascospore wall indicated that it is composed of three major layers including an inner layer, the endosporium, a middle layer, the episporium, and an outer layer, the perisporium (C, B and A, respectively fig. LC ). It is lamellate with a finely fibrous surface and can be sharply distinguished from the perisporium itself, which is electron-dense and, presumably, chemically distinct. The presence of this outermost layer, at least in wet spores, results in an organism with a relatively smooth surface. The outermost fibrous portion of this layer can be seen to be continuous with the fibrous outer layer of the germ tube (arrow, P1. 3, fig. 5 ).
The second additional wall layer revealed by the electron microscope is composed of a very electron-dense material lying between the episporium and the endosporium (lower arrow, P1. 2, fig. 4 ). The inner boundary of this layer is not sharply defined and penetrates the episporium for a short distance in the form of isolated dense granules (arrow, PI. 4, fig. 8 ). There appears to be an accumulation of this material at the germ pore which seems pushed out of the way by the emerging germ tube (Pl. 3, fig. 6 ). That this layer is associated with the endosporium is indicated by the fact that when the endosporium pulls away from the episporium, because of damage in cutting, the dense layer always remains associated with the endosporium (PI. 2, figs. 3, 4).
The protoplast of the dormant spore Numerous swollen mitochondria are present in dormant ascospores (PI. I, fig. I ). Attempts were made to prevent the swelling of these mitochondria by increasing the osmotic concentration of the fixing solution by adding up to 5 % (w/v) NaCl, but to no avail. Otherwise the mitochondria of dormant spores appeared not to differ greatly from those of other forms (Pl. 2 , fig. 3 ).
Dormant ascospores possess vacuoles of two types, including those of type I , which appear empty following permanganate fixation (V I , P1. I , fig. I ), and those of type 2, which contain a coarsely precipitated material (V2, P1. I, fig. I ). The vacuoles are bounded by a single membrane. Only an occasional fragment of what appears to be endoplasmic reticulum is found in dormant spores (arrow, P1. I , fig. I ). The background cytoplasm appears coarse and somewhat like a flocculent precipitate (PI. I, fig. I ).
Inasmuch as the dormant spores were subjected to violent mechanical forces as a result of the methods used in fixation, it was necessary to assess the damage that may have been caused by this method of preparation. Accordingly, ascospores were activated and allowed to begin germination and were then broken in the fixative in the same manner ;IS were dormant spores. The results are presented in P1. I, fig. 2 , and reveals that the mitochondria do not appear to be swollen. Therefore, it seems reasonable, assumjing that the spores were not fixed in the few seconds that they were in the fixative before breaking, that the swollen mitochondria found in the dormant ascospore are not merely the result of mechanical damage. Germinating ascospores prepared by being broken in fixative have endoplasmic reticulum (arrows, PI. I, fig. 2 ) of a type found in such spores that have not been broken (Pl. 2, fig. 3 ). Consequently, the lack of such membranes in the dormant cracked spores seems to be a normal feature of the dormant condition and not an artifact. Moreover, the vacuoles in broken germinating and dormant ascospores appear to be alike, but the coarsely precipitated cytoplasm of the dormant ascospores does not occur to the same degree as in the cracked germinating spores.
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The protoplast of the germinating spore The germinating ascospore contains numerous mitochondria of various shapes which are unlike the swollen ones found in the dormant spore (Pl. 2, fig. 3) . Vacuoles of the two types described in the dormant ascospore also are found in germinating spores (V I , V2, P1. 2, fig. 3 ). Endoplasmic reticular membranes of a type found in material fixed in permanganate are present in the ascospore (Pl. 2, fig. 3) , as well as in the germ tube (Pl. 3, fig. 6 ). Nuclei are present and are more numerous in sections of germinating ascospores than in those of dormant ones (PI. 2, fig. 3) . The emergence of a germ tube through a germ pore can be seen in P1. 3, figs. 5 and 6, where the continuity of the germ tube wall and the endosporium can be seen.
In germinating ascospores from 3 to 6 hr after activation a complex of concentric membranes that is continuous with the endoplasmic reticulum at one or more points is found. Such bodies are illustrated in sections from different spores in P1. 4, figs. 7 and 8. The connexion between the outer membrane of these bodies and the endoplasmic reticulum of the spore is particularly well shown at the arrow in PI. 4, fig. 7 . In one instance, two such bodies were noted in one section, indicating that more than one can occur in a spore. However, the frequency of their occurrence must be low, because only an occasional section is found in which they occur.
DISCUSSION
Activation of dormant ascospores of Neurospora tetrasperma triggers a series of ultrastructural as well as metabolic and physiological changes. Among the most striking is in the endoplasmic reticulum, which, although very sparse in dormant ascospores, appears in larger amounts in germinating spores. Synthesis of endoplasmic reticulum seems to be a common feature of the germination process in fungus spores, for it has been observed in most of the cases studied, including sporangiospores of A membrane complex, often connected to elements of the endoplasmic reticulum (Pl. 4, figs. 7, 8) is formed after activation but was not seen in germinating spores after 8 hr. Its appearance during the time of active synthesis of the endoplasmic reticulum, and its continuity with these membranes, suggests a function in the generation of the reticulum. A similar organelle may be the site of unit membrane synthesis in some animals, and consists of convolutions of endoplasmic reticulum, according to Robertson (1961) . That these membrane complexes may be induced in higher plants under the stress of treatments like high doses of radiation, and anaerobiosis, has been reported by Whaley, Kephart & Mollenhauer (1964 
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Another change which occurs during germination is in the size of the mitochondria in that they are very large in dormant ascospores of Neurospora tetrasperma but much smaller and more numerous in germinating spores. Whether this change in size is associated with biochemical differences like that described by Holton (1960) is not known for Neurospora but Biggs & Linnane (1963) indicated that the cytochrome content of yeast cells and the size and organization of mitochondria were closely related. A decrease in the size of mitochondria during spore germination has been noted in a Rhizopus species (Hawker & Abbott, 1963) and the latter authors also reported increased numbers after germination, as did Hawker & Hendy (1963) in Botrjjtis cinerea conidia. This must also be the case for Blastocladiella emersonii, in whose spores only a single mitochondrion exists (Cantino et al. 1963) . More cristae have been reported to be present in the mitochondria of the germ tube of the wheat stem rust than in its uredospores and their orientation i s more regular as well (Williams & Ledingham, I 964) . Therefore, changes in mitochondria during the germination of fungus spores are common, at least in the relatively few cases reported. However, as Hawker & Abbott (1963) pointed out, care must be taken to ascertain that artifacts do not arise because of the difficulties encountered in fixing and embedding fungus spores, difficulties to which we can readily attest.
That nuclear divisions occur during germination is suggested by the fact that more nuclei are seen after activation than before. It is likely that these occur before protrusion of the germ tube but their number remains to be determined.
The studies have shown that the wall of Neurospora tetrasperrna ascospores consists of at least 5 distinct elements: endosporium, episporium, perisporium, a layer on the outside of the latter and one which is between the two innermost walls. The dense layer associated with the endosporium may be responsible for the relative impermeability of dormant ascospores, for it is the only layer that appears to be ruptured upon germination (arrow, P1. 3, fig. 6 ). Moreover, the perjsporium and episporium, being perforate at the germ pore (Lowry & Sussman, 1958) , cannot act as barriers; nor does it seem likely that the endosporium acts in this way for it is continuous with the wall of the germ tube, which is readily permeable to many substances.
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